Abstract. Acoustic emission (AE) method is a passive non-destructive technique is being used as the prime candidate in structural health and damage monitoring in civil structure for investigation process of damage in both case local and global monitoring. This technique was employed for investigation process of damage in steel beam specimens. Several-welded steel beam specimens were built and tested under loading cycle and were simultaneously monitored using AE. According the stages of failure of welded steel beams, The AE test data were analyzed by AE source location method. The results showed that source location of damage in steel structures could be identified using AE technique.
INTRODUCTION
Acoustic emission (AE) is defined as the class of phenomena whereby transient elastic waves are generated by rapid released of energy from localized sources within a material or the transient waves so generated (Astm, 2006) .Load conditions that exist in structure have been known to cause materials like steel and concrete to emit AE energy in the form of elastic waves due to various material-relevant damage mechanisms. A developing flaw in these materials emits bursts of AE energy in the form of high frequency sound waves, which propagate within the material and are received by sensors (Nair and Cai, 2010) .
AE technique is a powerful testing tool for real time examination of the behavior of materials deforming under stress (Nair and Cai, 2010) . For decades, this technique is being used as the prime candidate for structural health and damage monitoring in loaded structures (Surgeon and Wevers, 1999) This technique has proved to be highly effective especially to assess and measure the damage phenomena taking place inside a structure subjected to mechanical loading (Carpinteri et al., 2006) .
Extensive AE studies of concrete and steel structures have been reported and this method was proposed for monitoring of the concrete and steel structures these structures but more study is needed to develop methods of analyzing the data recorded during the monitoring (Panjsetooni and Bunnori, 2013a, b) .
Connections are important parts of steel structures. In this study steel structures with welded connection was investigated. several papers related with evaluation of the welded steel using basic AE parameters were published such as Mukherjee et al. (1997) , Na et al. (2001) , Roberts and Talebzadeh (2003) , Na et al. (2006) and Mukhopadhyay et al. (2012) .The majority of these works has not focused on welded connection that is used in civil engineering structures.
The main objective of this current study is damage evaluation assessment of welded steel beam using AE source location analysis. In this research, suitably of this method for evaluation of welded steel was investigated. This work has been focused on welded connection that is used in civil engineering structures. Commonly, previous works has been focused on local evaluation of welded steel that are non-civil structural systems and has not been used in civil engineering structures.
METHODOLOGY

Source location
One of the most useful applications of AE is in the location of active defects. The location of active defects is calculated by means of the differences between arrival times of a signal at two or more transducers. Linear flaw location is calculated as following:
(1) Where X is the distance between the source to the mid-point between two transducers, is the arrival time at transducer a, is the time of arrival at transducer b, and is a constant of determined from the speed of wave propagation through the material (Lozev, 1997) .
The first step in quantitative AE analysis is the estimation of spatial and temporal parameters of the stress wave source. The estimation of spatial and temporal parameters of the stress wave source is the first step in quantitative AE analysis.
The source location in AE technique is done by measuring the time difference in the arrival at time of an AE signal at different sensors (Shield, 1997) . Generally, the p-wave arrival times are used because they represent the first undisturbed arrival of a stress wave and the easiest to deduce. If at least four sensors detect a discrete stress wave signal it can be identified as an AE event and temporal parameters of the stress wave source can be estimated (Schumacher et al., 2012) .
The primary sources of AE are deformation processes such as crack growth and plastic deformation. The AE sources generate and propagate elastic waves in materials in all directions. Ultimately, the elastic waves reach the surface of the material and are detected by sensors attached to the surface of the specimen. AE energy is the total elastic energy released by an AE event occurred at a source (Beattie and Jaramillo, 1974 ). AE energy is defined as follows (Miller and McIntre, 1987) . ∫ (2) Where V i is the voltage transient of an i th channel, t 0 is the starting time of the voltage transient record and t1 is the ending time of the voltage transient record. Using the AE energy, Relaxation Ratio was proposed by (Colombo et al., 2005) .
Experimental procedure
Material details
A series of experiments was conducted on welded mild steel beam specimens. A total of 24 test specimens in four types of test specimen were built. Figure 1 (a) shows the details and dimensions of S1BLC specimen type. The dimension of the beam specimens were length of 600mm, web thickness of 6mm, overall web depth of 120mm, flange thickness of 8mm and flange width of 140mm. The weld thickness was 4mm for all welded parts. Figure 1 (b) (c) (d) shows the details and dimensions of specimen S2BLC, S3BLC and S4BLC. The dimension of the beam specimens were length of 600mm, web thickness of 4mm, overall web depth of 120mm, flange thickness of 4mm and flange width of 140mm. The weld thickness was 4mm for all welded parts.
Three point bending test monitored using AE technique
A total of twenty steel beam specimens described earlier were tested in three point bending. Acoustic emissions were detected by six R15I sensors with the resonance frequency of approximately 150 kHz were employed. The sensors were attached on the steel beam specimens using grease as a couplant and tightened using a magnetic clamp. Four sensors were located on the side face and two on top face. In order to perform acoustic emission monitoring, an eight channel AE system (MICRO-SAMOS) manufactured by Physical Acoustics corporation (PAC) was employed. Figure 2 shows a test set up of three point bending beams. The steel beam specimens were tested in three point flexural loading under cyclic loading. The load was applied at the mid span of the steel beam specimens. The load applied to the preload of 0.5kN to hold the beam in place. The first load step was from 0.5kN to 10kN. AE was recorded continuously from the start of the load cycle to the first step load. The load then was removed from 10kN to 0.5kN.At the end of each loading cycle, the load as held for 2 minutes and AE was paused to record. The three point bending test was monitored by AE throughout the test. The load and mid span deflection and AE data were recorded continuously during the three point bending test.
RESULTS AND DISCUSSION
The AE source location analysis was performed for all welded beam specimens that a sample will be explained. Type B: S2BLC was tested in three point-bending under loading cycle. The load was applied under nine load cycles in 10kN steps. The maximum load for each load cycle were 10, 20, 30, 40, 50, 60, 70, 80and 90kN. The yield load calculated and ultimate load was 56kN and 88.8kN respectively. In order to explain the behaviour of S2B3LC under loading cycle using AE method, S2B3LC was divided into 5 zones as shown in Figure 3 . Zone 1 and 2 were the location of the welded beam connected. Also, zone 3 where is the loading cycle was applied. The AE win software was used for data analysis that AE source location in term of absolute energy was performed. A summary of AE source location results are in Table 1 . The behaviour of S2BLC under loading cycle can divided three stages: (1) Elastic behaviour (2) plastic behaviour in mad span of welded steel beam (3) failure in connection zone. The AE source location in term of absolute energy will be explained according to these stages.
Stage I: The behaviour of the S2BLC during cycle 1to 4(10kN to 40kN) was in stage of elastic behaviour. During this stage, AE activity has taken place throughout of the welded steel beam specimen with low level and more AE signals were emitted from the weld zone because of the discontinuous properties. Figure 4 (a) shows the source location of total emission during cycle loading 4 (40kN).
Stage II: The behaviour of the S2BLC during loading cycle 5 to 7(50kN to 70kN) was in stage of plastic behaviour. During loading cycle 5 an increase in peak of absolute energy in zone 2 was observed. Zone 2 was where maximum deformation occurs. This peak of absolute energy in zone 2 was constant during loading cycle 6 and 7. Figure 4 (b) shows the source location of total emission during loading 7. Also, peak of absolute energy in zone 1 and 3 was constant in stage of failure.
Stage III: The behaviour of the S2BLC during loading cycle 8 to 9(80kN to 90kN) was in stage of failure behaviour. During loading cycle 8 an increase in peak of absolute energy in zone 3 was observed and during cycle 8. Figure 4 (c) shows the source location of total emission during loading cycle 8. S2BLC was failed during loading cycle 9. Failure of the specimen was accompanied with very large increase in peak of absolute energy in zone 3 where failure occurred. Figure 4 (d) shows the source location of total emission during loading cycle 10. Also, peak of absolute energy in zone 1 and 2 was constant in stage of failure.
With respect to results obtained, the AE sources can be divided four stages: (1) The earlier loading cycle that the behaviour of welded steel beam is in elastic behaviour stage, the emissions were distributed throughout the specimen with low level, (2) With approaching last loading cycle that the behaviour of welded steel beam was in elastic stage, the emissions were with moderate level from the welded zone.(3) In plastic behaviour stage, the emissions were with large level from the yield zone. (4) In stage failure, the emissions were with large level from the facture zone.
As regards both heterogeneity and brittleness are two major factors conducive to high emissivity and ductile deformation mechanisms are assonated with low emissivity, duration of loading cycle that behaviour of welded steel is in elastic stage, the welded zones are the primary source of emissions. Also, with reference to the works of (Na et al., 2006) , (Ennaceur et al., 2006) , (Stanković and Bruhns, 2008) and (Martínez González et al., 2010) show that, it could be said that in this stage, AE activities in weld zones are greater than steel zone. Thus the peak of AE activity in these zones is observable.
In addition, the results show that in plastic behaviour stage, the primary source of AE signals is yield zone in mid span of specimens and the peak of AE activity in this zone is observable. With respect to the works of Na et al. (2006) , the micro cracks initiated at loading between yield load and midway point to ultimate load. Duration of loading cycle that behaviour of welded steel is in plastic stage, the micro cracks in yield zone are the primary source of emissions .Also, and the results show that in failure stage, the primary source of AE signals was facture zone. 
CONCLUSIONS
This paper provides the results from tests on welded steel beam specimen under loading cycle and was monitored by AE throughout the test. On the basis of AE activities, the analysis of signal characteristics using AE source location analysis, the conclusions are presented below: 1-The results showed that in elastic stage, the welded zones are primary source of AE emission and AE emissions were with low level from the welded zones.
2-The results indicated that in plastic behaviour stage, the AE emissions were with large level from the yield zone.
3-The results showed that in stage failure, the emissions were with large level from the facture zone.
4-The results indicated that AE technique can used to identify the sources of damage in welded steel beam specimen
